BEST AVAILABLE COPY 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
15.01.1997 Bulletin 1997/03 

(21) Application number: 92307548.5 

(22) Date of filing: 18.08.1 992 



(n) EP 0 529 921 B1 

EUROPEAN PATENT SPECIFICATION 

(51) IntCI. 6 : B01D 63/10 



(54) Semipermeable membrane cartridge and method of making 

Halbdurchlassiges Membranmodul und Verfahren zu seiner Herstellung 
Cartouche k membrane semi-perm6able et proc6d6 pour sa fabrication 



CD 



CM 

o> 

CM 
If) 



Q. 
Hi 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB IT U SE 

(30) Priority: 23.08.1991 US 749151 

(43) Date of publication of application: 
03.03.1993 Bulletin 1993/09 

(73) Proprietor: DESALINATION SYSTEMS INC. 
Escondldo California 92025-1523 (US) 

(72) Inventor: Robbins, Adam 

San Marcos, California 92079 (US) 



(74) Representative: Lawrence, Malcolm Graham et al 
Hepworth, Lawrence, Bryer & Blzley 
Merlin House 
Falconry Court 
Bakers Lane 

Epplng Essex CM16 5DQ (GB) 



(56) References cited: 
EP-A- 0 141 201 
US-A-3 928 204 
US-A-4 911 840 



US-A-3 401 798 
US-A- 4 744 900 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid (Art 
99(1) European Patent Convention). 



Primed by Rank Xerox (UK) Business Services 
2.13.130.4 



1 



EP 0 529 921 B1 



2 



Description 

This invention relates to semipermeable membrane 
cartridges for use in reverse osmosis and ultrafiltration 
systems and to methods of making such cartridges of s 
particularly uniform character. 

The art of membrane separation devices, particu- 
. larly those using cartridges having membranes which 
are spirally wound about central porous tubes, is well- 
developed today. Such cartridges are used in many and io 
varied separation devices and processes. U.S. Patents 
Nos. 3,417.870 and 3,966,616 are examples of patents 
which show such semipermeable membrane spirally 
wound cartridges. Such spirally wound membrane car- 
tridges generally employ a central porous collection is 
tube, having a series of holes which provide for fluid flow 
between the interior and exterior surfaces of the tube. 
Spirally wound about the exterior surface of this central 
tube is at least one generally flat tubular envelope usu- 
ally made of two sheets of adhesively joined semiper- 20 
meable membrane, the interior of which envelope 
contains spacer or permeate passageway material. A 
sheet of spacer or inlet flow-passageway-providing 
material also lies adjacent an outer surface of the enve- 
lope and is spirally wound with it about the central tube 25 
so as to provide a passageway in the annular region 
surrounding the tube which extends axially from end to 
end throughout the spirally wound assembly 

Generally, more than one set of such combinations 
of tubular envelopes and spacer sheets make up the 30 
spiral winding, and the exterior of the wound assembly 
is usually wrapped in some manner. For example, U.S. 
Patent No. 4,600,512 shows a spirally wound assembly 
in which the wrapped membrane assembly is held 
together by helical taping about the complete outer 35 
cylindrical surface thereof, and such taping can extend 
to locations along the outer circumferences of molded 
plastic circular retainers which are located at each end. 
The particular cartridge shown in this patent is designed 
to be positioned in a surrounding pressure vessel and 40 
aligned therein so as to leave an annular gap between 
the interior pressure vessel wall and the exterior of the 
cartridge which serves as a fbw passageway for the 
inlet fluid stream being treated. Other membrane car- 
tridges are designed to fit snugly against the interior 45 
surface of a pressure vessel, such as that shown in US. 
Patent No. 4,548,714, or to fit fairly closely thereto and 
have an O-ring or chevron-type seal or the like at the 
inlet end, such as that which is somewhat schematically 
shown in U.S. Patent No. 4,51 7,085. so 

These spirally wound cartridges are generally man- 
ually or semi-automatically wrapped about the central 
tube, and their exterior surfaces inherently have some 
undulations, the number of which increases with the 
number of separate leaves employed in the spiral wind- 55 
ing. Moreover, the wrapping procedure is frequently rel- 
atively labor-intensive and often requires careful quality 
control procedures. Thus, improvements in the con- 
struction of spirally wound semipermeable membrane 



cartridges continue to be sought, along with improved 
methods for making such cartridges. 

The invention generally provides improved spirally 
wound semipermeable membrane cartridges having an 
integral outer structural casing or shell in the form of a 
seamless, rigid or semi-rigid containment structure 
encapsulating therewithin the spirally wound compo- 
nents, and it also provides methods for making such 
improved cartridges. Moreover, the invention is capable 
of providing cartridges having an outer shell which is 
itself capable of containing the internal fluid pressure 
within the passageways of the spiral cartridge in a man- 
ner to minimize physical distortion in the diametrical 
dimensions of the cartridge without the necessity for 
ancillary external support In addition, the invention pro- 
vides for production of such cartridges with a far greater 
degree of physical uniformity than is presently attaina- 
ble using current state-of-the-art industry practices; 
more specifically, the method is also capable of consist- 
ently attaining a high degree of outer surface smooth- 
ness and uniformity and a notable lack of surface 
irregularities and imperfections that have been gener- 
ally inherent in current state-of-the-art industry prac- 
tices. 

Somewhat more specifically, the invention provides 
methods for making spirally wound semipermeable 
membrane cartridges including a central permeate 
tube, about which a membrane assembly is spirally 
wound, and which carries a pair of circular retainers, 
one at each end thereof, with the circumferences of the 
circular retainers being interconnected by a formed-in- 
place shell of polymeric material. This shell provides the 
cartridge with an outer, right circular cylindrical, smooth, 
seamless surface of uniform dimension along its entire 
length. In this method for making such improved car- 
tridges, a f lowable material is injected into an appropri- 
ate cylindrical mold cavity wherein a spirally wound and 
appropriately restrained subassembly is aligned, 
thereby forming such shell in place about the exterior of 
the subassembly to create an integral cartridge. 

FIG. 1 is a perspective view showing how a plurality 
of sheets or leaves of semipermeable membrane 
material and passageway-providing material are 
spirally wrapped around a central porous tube; 
FIG. 2 is an end view of the membrane assembly 
shown in FIG. 1 after it has been spirally wound, 
with the tube shown in cross-section; 
FIG. 3 is a perspective view of the completed and 
restrained spirally wound assembly of FIG. 2, with 
the open circular retainers installed at both axial 
ends thereof; 

FIG. 4 is a cross-sectional schematic view taken 
longitudinally through the assembly illustrated in 
FIG. 3, installed in an appropriate mold cavity; 
FIG. 5 is a fragmentary cross-sectional view, 
enlarged in size, similar to FIG. 4, which shows cer- 
tain details of the completed cartridge after its with- 
drawal from the mold cavity; 
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FIG. 6 is a schematic, sectional view of separation 
apparatus employing the completed membrane 
cartridge that was produced in the mold cavity of 
FIG. 4, now shown installed for operation in a pres- 
sure vessel; 5 
FIG. 7 is a sectional view, generally similar to that of 
FIGS. 5 and 6. of an alternative embodiment of a 
cartridge wherein an integral pressure vessel is cre- 
ated as a part of the cartridge shell arrangement; 
and w 
FIG. 8 is a sectional view similar to FIG. 7 of yet 
another embodiment of such a cartridge which like- 
wise includes an integral pressure vessel and which 
is illustrated after it has been removed from the 
mold cavity, but before one metal fixture plate and is 
plug, used in the molding operation, have been 
removed from the left-hand end thereof. 

Very generally, the invention provides an integrally 
sealed, spirally wound, reverse osmosis or ultra- filtra- 20 
tion cartridge 11 having a pair of circular retainers 13, 
one at each axial end. The spiral winding formed of the 
semipermeable sheet material and its associated 
groups of spacer sheets and passageway-providing 
material is of generally standard construction: although 25 
any suitable construction can be used for the spirally 
wound subassembly, a preferred type of construction is 
shown in FIG. 1. 

The assembly illustrated in FIG. 1 utilizes a central 
porous permeate or collection tube 1 5 made of a suite- 30 
ble material, such as metal or preferably plastic, the 
character of which material is chosen so as to be chem- 
ically compatible with the fluid streams to which it will be 
exposed. A plurality of rectangular sheets or leaves of 
discrete materials are independently attached, along 35 
inner edges thereof, to the exterior surface of the collec- 
tion tube 15. More specifically, groups of two facing rec- 
tangular sheets 17 of semipermeable membrane 
material are arranged so as to sandwich a sheet 19 of 
permeate passageway material therebetween, and a 40 
sheet of spacer material 21 is located between each 
adjacent three-sheet group. Although asymmetric sem- 
ipermeable membranes can be employed for the sheet- 
like membranes, the more recently developed compos- 
ite or thin fflm membranes are becoming more widely 45 
used. In this type of membrane, a dense active layer is 
formed of a chemically different material than a nonac- 
tive supporting layer. Such composite membranes are 
made by various suitable methods; however, an interfe- 
cial condensation reaction is generally carried out so 
wherein a thin film is formed by two reactants. creating 
a thin, dense polymeric surface, often a polyamide, hav- 
ing the desired semipermeable characteristics. The 
dense active layers are located on the outer surfaces of 
the envelope, with the nonactive layers lying against the 55 
permeate passageway sheets 19. 

The porous, less dense supporting layer, upon 
which the interfacia! condensation reaction takes place, 
can be of any suitable polymeric material, preferably a 



polysulfone, having the desired pore size to adequately 
support the ultrathin interfacial layer without creating 
undesirably high pressure drops across it. This type of a 
membrane-supporting polysulfone layer is cast upon a 
very thin layer of polyester nonwoven felt backing mate- 
rial which essentially integrally supports the membrane 
material against puncture and excessive deformation 
even at high feed pressures. Such a polyester felt back- 
ing layer is normally considered to be a part of the com- 
posite membrane sheet itself, lying adjacent to the 
membrane nonactive surface and being sealed along its 
lateral and distal edge surfaces by a flexible adhesive 
directly to the permeate passageway material and indi- 
rectly (or directly along these edges) to the opposite fee- 
ing sheet of membrane to create the flat envelope. 

Generally, materials that will be used for the con- 
struction of these cartridges will be selected by those 
having the ordinary skill in the art for the particular appli- 
cation in question. The central tubes 15 are chosen 
from suitable materials compatible with the intended 
commercial use; for example, high strength plastic 
materials, such as polyvinylchloride, can be employed. 
The permeate-passageway or transfer leaves 19 may 
be of porous felt or fabric material, as well known in the 
art, and felts sold under the brand name Tricot", made 
of polyester material are frequently used. The perme- 
ate-passageway layer can also be a coated knitted or 
woven material, such as a Tricot polyester knit, or an 
epoxy or melamine-coated polyester material. 
Extruded, cross-filament-like materials, as are known in 
this art, can also be used. The spacer sheets 21 may be 
extruded polyethylene or polypropylene material, such 
as that sold under the trademark Vexar, or similar woven 
materials. 

In order to sea) the lateral edges of such groups 
and to create flat envelopes of semipermeable mem- 
brane material with a permeate passageway 19 sheet 
located within such a flat envelope, strips of adhesive 
material 23 are applied along the lateral edges of the 
facing surfaces of each pair of semipermeable mem- 
brane sheets 17. and adhesive is also applied along the 
lateral edges of the permeate passageway sheets 19 so 
as to saturate through each edge and create a total 
edge seal along each of the envelopes. The adhesives 
used to bond the sheet material can be of the poly- 
urethane type, as well known in this art; epoxy resin for- 
mulations having suitable setting times can alternatively 
be employed, as well as other polymeric adhesives, 
such as those which are polymers or copolymers of 
vinyl resins. If desired, the permeate passageway 
sheets 19 can be slightly nanower than the semiper- 
meable membrane sheets 17 so that there is an actual 
membrane to membrane seal along the ultimate edges. 
Similar strips of adhesive are also applied along the out- 
ermost or distal edges of the semipermeable mem- 
brane sheets 17 and the permeate sheets 19 (not 
shown in FIG. 1, which is a shortened version of the 
actual leaves that are much longer); this line of adhesive 
completes the flat envelope construction. The opposite 
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inner end of the permeate-passageway material 19 
leads to one of the rows of holes 25 which extend longi- 
tudinally along the porous central tube 1 5 and thus con- 
vey the permeate into the interior of the tube. The 
flanking pair of semipermeable membrane sheets 17 s 
which sandwich the permeate passageway sheet 19 
therebetween to create the envelope have their edges 
adhesively bonded to the imperforate outer surface por- 
tion of the porous tube 1 5 so as to create a flanking seal 
about this row of holes which thus have communication 10 
only to the interior of the flat envelope. 

As shown in FIG. 1, these discrete rectangular 
sheets are rolled up spirally on the central tube 15 to 
form a spiral wound cylinder, much in the manner of a 
rolled window shade. Although reference may some- is 
times be made to a plastic central tube and to molded 
plastic end pieces, such as the circular retainers 13 that 
are attached to the central tube, it should be understood 
that other materials, such as metallic or mineral compo- 
sitions may alternatively be used for their construction. 20 
Usually at least about 2 leaves are used; however, 4 or 
5 leaves are commonly used, with as many as about 24 
leaves possibly being used, depending upon the outer 
diameter of the cartridge. Following rolling of the plural- 
ity of leaves about the tube, a configuration somewhat 2s 
like that depicted in FIG. 2 is obtained wherein the out- 
ermost surface, although slightly irregular, will be gener- 
ally that of a right circular cylinder. Some trimming of the 
ends of the leaves can be carried out if the circumfer- 
ence is over its specified dimension. A final trimming at 30 
each end is carried out so that the lateral edges of the 
rolled leaves are flush with the ends of the tube 15, and 
the tube ends are then counterbored if this operation 
was not earlier performed. In order to maintain this spi- 
rally wound condition, the outer surface is preferably 35 
completely wrapped with a length of tape 27 in helically 
encircling fashion as shown in FIG. 3 to provide an 
impermeable barrier surrounding the spirally wound 
leaves. The two circular retainers 13 are preferably 
associated with the rolled subassembly with the tape ao 
preferably extends onto the inner edge portion of each 
circular retainer rim. 

A male boss 31 extends inward from the inner face 
of each circular retainer 13 or anti-telescoping device 
(ATD) and is utilized in installing the retainer on each as 
axial end of the tube 15 and aligning them coaxiaiiy. 
Each end of the central tube is preferably counterbored 
to a prescribed depth to accommodate the boss, and 
the male boss 31 is preferably sized so that its interior 
diameter is equal to or greater than the interior diameter so 
of the permeate tube, as illustrated in FIGS. 4 and 5. 
The circular retainers 13 are then inserted so that the 
boss 31 extends into the counterbore of the permeate 
tube up to a shoulder 33 which abuts the outer axial end 
surface of the tube. The mechanical connection there- ss 
between is preferably secured either by a suitable adhe- 
sive or cement or by spin-welding, although other 
appropriate ways of attachment, so that the circular 
retainers resist any axial displacement can be used. 



At this stage in the fabrication, a spirally wound ele- 
ment subassembly 34 has the two circular retainers 13 
mechanically fastened to the opposite axial ends of the 
central tube 15. The plastic tape 27 or other suitable 
restraining means, which is helically wrapped about the 
entire circumference and the edges of the rims of the 
circular retainers, prevents unwinding, particularly along 
the lateral edges of the spirally wound and taped sub- 
assembly where they lie adjacent the interior surfaces of 
the circular retainers 13. 

The outer diameters of the circular retainers 13 are 
formed to be equal to the desired diameter of the final 
finished cartridge, and in the version seen in FIGS. 4 
and 5. the interior surface of each circular retainer radi- 
ally outward of the boss 31 is flush against the end sur- 
face of the spirally rolled membrane subassembly, as 
best seen in FIGS. 4 and 5. A recess 35 at the interior 
edge of the rim provides a surface of a diameter about 
equal to the nominal diameter of the spiral winding, onto 
which surface the taping extends, and a shallow locking 
groove 37 is provided at the proximal end of this circular 
surface for a purpose described hereinafter, the depth 
of which groove is preferably at least 0.762 mm (0.03 
inch) e.g. 1.524 mm to 2.032 mm (0.06 to 0.08 inch). 
The rim 36 of each circular retainer contains a deep 
groove 39 of preferably rectangular cross-section for 
accommodating a gasket during the molding process 
and an annular seal at the feed end in the final installa- 
tion assembly of the cartridge in a pressure vessel, as 
explained hereinafter. In addition, the circular retainer 
13 includes a central tubular hub 41 from which a plural- 
ity of radial arms 43 extend outward to the interior sur- 
face of the rim 38. The circular retainers or ATDs 13 are 
standard components of cartridges of this type and are 
conveniently molded of polymeric material, e.g. by injec- 
tion molding polysurfone or PVC or ABS. 

With the two circular retainers 13 installed, the heli- 
cally wrapped assembly is ready for placement into a 
cylindrical cavity 45 of an injection mold, such as that 
depicted schematically in FIG. 4. The inner surface of 
the injection mold cavity 45 is cfimensioned and finished 
to the desired exterior measurements of the ultimate 
separation cartridge 1 1. The mold is preferably formed 
having a generally horizontal parting line, and preferably 
the upper one-half of the mold cavity is moved out of the 
way to permit the insertion of the spirally wound sub- 
assembly 34. A pair of annular elastomeric gaskets 47 
of square cross section are provided, one in each deep 
groove 39 of the circular retainers 13. which seal 
against the mold cavity surface and thus confine the 
molding resin to the annular region between the outer 
surface of the helical taping and circular retainers 13, as 
illustrated in FIG. 4. The interior wall of the mold cavity 
45 is smooth and dimensioned to have a diameter just 
slightly greater than the diameters of the two circular 
retainers without the gaskets installed. 

If the interior cavity sidewall is smooth, then the 
exterior surface of the resulting cartridge will similarly 
be smooth. However, should it be desired that the exte- 
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rior surface be textured, e.g. dimpled, the interior waif 
cavity would be constructed accordingly. Likewise, 
should it be desired to provide a cartridge having a con- 
trolled by-pass flow, shallow, helically extending or 
transverse interrupted grooves could be created in its 5 
exterior surface by the provision of mirror-image sur- 
faces in the cavity wall; such could be used to provide 
controlled leakage from end to end along the exterior 
sidewall of such a cartridge. By providing lead-in pas- 
sages in the rims of the ATDs and omitting any periph- w 
eral seat, a controlled by-pass flow, generally equivalent 
to that provided by the cartridge depicted in U.S. Patent 
No. 4,548,714. the disclosure of which is incorporated 
herein by reference, can be established if desired. 

In any event, when the halves of the injection mold is 
are closed, the spirally wound subassembly is held in 
place because the interior wall of the mold cavity tightly 
grips and compresses the gaskets 47 which protrude 
just beyond the circumferences of the two circular 
retainers. The void volume within the mold cavity in the 20 
region between the two flanking circular retainers 13 
becomes the volume of the outer casing or shell 49 of 
the ultimate cartridge, ft should be understood that the 
injection mofd is provided with the usual sprue and vent 
openings and channels, as are commonly used in injec- 25 
tion mold applications, and which are more particularly 
appropriate for use with the injection of a thermosetting 
polymeric resin which is being formed from two chemi- 
cal components that are mixed in a valve adjacent the 
entrance as they are being injected under pressure into 30 
the mold cavity using a process that is commonly 
referred to as Reaction Injection Molding (RIM). Typi- 
cally, a relatively tow pressure operation is preferred 
wherein the two components for forming a polyurethane 
are employed under an injection pressure of about 35 
344.88 kPa (50 psi) or less, which components upon 
mixing react within the mold cavity and produce a micro- 
cellular or substantially solid, tough outer casing. Such 
RIM molding components are readily available from 
Ciba-Geigy and from American Cyanamid, and there 40 
are a number of formulators throughout the U.S. who 
provide two-component formulations which react to 
desired specifications. For example, polyurethane for- 
mulations having appropriate setting times are sold by 
Urethane Plastics, Inc. of Placentia. CA as Model 45 
UI5061, and by Polymer Development Laboratories, 
Inc. in Orange, CA as Model PDL972D. Although a poly- 
urethane reaction mixture is preferred, other suitable 
organic resin systems may be used, for example, poly- 
ester resins and epoxy resins. The desired thickness of so 
the shell 75 may vary depending upon the tensile 
strength of the polymeric resin; however, the wall thick- 
ness of the shell should be at least about 0.254 mm 
(0.01 inch) and preferably the average wall thickness in 
the region between the circular retainers 13 is at least ss 
about 1.27 mm (0.05) inch and generally will not exceed 
about 0.508 mm (0.20 inch unless the shell is to serve 
as a stand-alone pressure vessel. 

Resin components are compounded for such a RIM 



process as well known in this art, and the flow of the 
mixture into the mold is timed under carefully regulated 
pressure so as to completely fill the enclosed void vol- 
ume of the mold, with the resin coming into direct and 
intimate contact with the exterior surface of the sub- 
assembly of the spirally wound leaves and with the inte- 
rior exposed surfaces of each circular retainer 13. 
Preferably, the mixture is one that creates a polymer, 
such as polyurethane. which has good bonding charac- 
teristics and forms a strong adhesive bond to the sur- 
faces with which it comes in contact, particularly those 
of the circular retainers. In addition, the shallow grooves 
37. provided at the proximal ends of the circular sur- 
faces of the recesses 35 of each circular retainer, 
become filled with polymeric resin thereby positively 
locking the casing 49 to the circular retainers 13 by cre- 
ating a pair of annular tongues of an inner diameter less 
than the outer diameter of the circular surfaces. 

In general, the mold is gated so that the injection of 
the resin mixture from a mixing valve 51 is through a 
lower entrance opening 53. and the pumped flow contin- 
ues until some slight amount of excess resin flows out of 
the mold vent 55 at the upper right-hand corner of the 
illustration of FIG. 4. The components of the resin mix- 
ture are supplied at temperatures such that they have a 
reasonable viscosity for pumping through the mixing 
valve, and these components undergo an exothermic 
reaction within the mold cavity which constitute the 
cross-linking, i.e. initial curing, of the resin mixture. 
Accordingly, the mold cavity is cooled usually by the 
supply of cooling water (not shown) as well known in the 
art, and the temperature is normally maintained at 
about 200°F or below. The length of time required to 
accomplish the initial curing to create solidification suffi- 
cient to allow handling will depend upon the particular 
resin system being used and can vary from about 30 
seconds to about 5 to 10 minutes. The pumping of the 
resin components through the mixing valve and into the 
lower entrance is preferably timed so that when the 
mold cavity is completely full, i.e. when the flowing resin 
reaches the top outlet sprue 55. significant gelling of the 
resin is just beginning. Usually, the preferred injection 
time for a polyurethane resin system is between about 
25 seconds and about 60 seconds, and the rate of 
pump flow is accordingly regulated pursuant to the void 
volume of the mold cavity wherein the shell will be 
formed so that that volume of resin will be supplied 
within the appropriate time frame. All of this is well 
known in the RIM art. 

Although the operation is schematically depicted in 
FIG.4 as being carried out in a mold that is aligned hor- 
izontally, it also may be preferable to orient the mold at 
about a 10 to 15 degree angle from the horizontal so 
that the outlet sprue 55 will be at a point slightly higher 
than the remainder of the upper wall of the mold cavity 
to assure that complete filling is achieved. Following the 
slight overfilling of the mold, injection is halted, and the 
injected mixture is given adequate time to undergo its 
chemical transformation, initially curing from the state of 
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a flowable or liquid mixture to an organic polymeric 
material sufficiently solid to permit handling without 
impairing the exterior surface. Once the chemical reac- 
tion has proceeded to this stage, usually after about 4 
minutes for a polyurethane resin system, the cured 5 
resin surface can be handled, and the cartridge 11 is 
removed from the mold as soon as the resin is in condi- 
tion to allow handling. It is generally then set aside and 
allowed to completely cure at room temperature, usually 
for a period of about 24 hours. w 

The completely cured cartridge 1 1 is characterized 
by an integral outer structure in the form of a hard, 
smooth polymeric tubular casing 49 that is mechanically 
and adhesively bonded to the two circular retainers 13 
at the opposite ends, which are in turn mechanically is 
connected to the central permeate tube, via bonding 
between the interior surface of the hub portion of each 
circular retainer to the counterbore in the interior tube 
surface, thus creating an overall integral structure. As a 
result, the spiral windings within the overall cartridge are 20 
positively restrained during use from any longitudinal 
distortion, e.g. telescoping, as a result of the interlock- 
ing of the circular retainers 13 both along the outer 
periphery with the shell 49 and along the interior boss 
31 of each retainer with the central tube 15. Moreover. 2s 
they are even more importantly restrained from radial 
distortion as a result of the formed -in-place integral 
seamless casing 49. which as explained hereinafter, 
can be sized so as to precisely fit within the interior of a 
surrounding pressure vessel wherein the cartridge 11 30 
will be employed for separation purposes. 

Following its removal from the injection mold and 
the 24-hour complete-curing period, the cartridge 1 1 is 
essentially ready for use following minor trimming of 
flashing and short plugs of resin where the mold was 35 
gated. As best seen in FIGS. 5 and 6. the exterior sur- 
face of the cartridge 11 is smooth and seamless, 
extending longitudinally from the periphery of one circu- 
lar retainer rim 38 to the periphery of the other circular 
retainer rim at the opposite axial end. Moreover, a 40 
secure 360-degree locking joint with the circular retain- 
ers 13 is provided at each end because of the presence 
of the bead of polymeric material which forms the annu- 
lar tongue in the groove 37 in the circular retainer sur- 
face. As can further be seen, the totally uniform as 
dimension of the exterior of the cartridge shell 49, which 
results from the periphery of the circular elements 13 
being substantially flush with the interior surface of the 
injection mold cavity, assures a precise desired fit within 
the interior of a pressure vessel of a separation device, so 
such as that schematically shown in FIG. 6. 

Other important advantages of the invention also 
reside in the elimination of the need to attempt to obtain 
high precision in field winding of the subassembly of 
individual sheets which go into such a spirally-wound ss 
membrane element which was heretofore generally a 
manual or, at best, a semi-automatic operation where it 
was necessary to precisely control tension and where 
careful trimming of the ends of a number of separate 



rectangular sheets was required to even approach 
roundness and smoothness in the outer surface of the 
ultimate spirally-wound product-which inevitably had 
some eccentricity remaining. Generally, such spirally- 
wound elements were then helically taped over their 
entire exterior surfaces (as shown, for example, in U.S. 
Patent No. 4,842,736), often using a fiberglass roving 
impregnated with a polyester resin or perhaps an epoxy 
resin; however, this taping could not remove the eccen- 
tricity, which is of course undesirable because such a 
cartridge is designed to fit into a pressure vessel of cir- 
cular cross section. On occasion, eccentricity may pre- 
vent insertion into a pressure vessel. 

It was also considered important that the helical 
outer taping should restrain the leaves in a tight winding 
throughout the entire lifetime of the cartridge, lest chan- 
neling occur which detracts from efficient performance. 
By channeling is meant the expansion of isolated por- 
tions of the feed passageways (defined by the spacer 
sheets) wherein the feed solution flows from end to end. 
The result of channeling is a far greater rate of feed flow, 
e.g. brackish water, through these expanded channels; 
this of course detracts from the establishment of rela- 
tively uniform flow throughout the entire spiral feed pas- 
sageway system which is important in order to obtain 
efficient overall performance of such a separation 
device. Although, if desired for additional stability, the 
subassembly 34 that is inserted into the injection mold 
cavity could include an overall helical wrapping of rein- 
forcing f foers. which would provide even additional cir- 
cumferential or hoop strength (as for example 
particularly in the alternative embodiments described 
hereinafter wherein an integral pressure vessel is 
formed), such additional strength through wrapping is 
not considered to be required to supplement the shell 
49 which itself provides substantial hoop strength. 

Another important requirement of the outer helical 
wrap on prior art spirally-wound membranes was its 
ability to provide handling protection to prevent the 
occurrence of any cuts, tears, abrasions or the like that 
would penetrate into the membrane envelope and thus 
result in the leakage of the higher pressure feed liquid 
directly into the permeate passageway within the enve- 
lope, resulting in serious loss of efficiency. The strong 
tough polymeric shell which is integrally joined to the cir- 
cular retainers 13 that are in turn mechanically con- 
nected to the central permeate tube 15, creates an 
integral overall structure that provides positive protec- 
tion against potential penetration from the exterior of the 
cartridge, with the polymeric outer tubular shell provid- 
ing excellent protection in the region most susceptible to 
handling injury. Moreover, the polymeric shell 49 will 
provide superior resistance to long-term cracking and/or 
fatigue due to water hammer and fluctuating feed pres- 
sures-resulting in increased cartridge lifetimes. 

Illustrated schematically in FIG. 6 is a separation 
device 61 which includes an outer pressure vessel 63 
which is closed at its ends by removable plates 65a and 
63> which are attached using standard connectors as 
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well known in this art. Because of the uniformity of the 
cartridge 1 1 , it can easily be slid into position within the 
pressure vessel 63 of the separation device, equipped 
with a chevron-type annular seal 67 in the rectangular 
groove 39 of the circular retainer adjacent the feed end 
of the cartridge. The left-hand end plate 65b of the pres- 
sure vessel is provided with a centra] plug portion 69 
which protrudes through the hub of the circular retainer 
1 3 at the feed end of the cartridge and enters the end of 
the porous central tube 15. An O-ring (not shown), 
which is located in a groove in the outer surface of the 
plug, seals against the interior wall of the central tube 1 5 
and thus prevents any flow past the plug into the perme- 
ate tube 15 at this end. Although the pressure vessel is 
shown as having one removable plate 65 including such 
a central plug. H could alternatively be provided with a 
plate having a central opening, as is schematically rep- 
resented at the other end, if it were desired to link the 
pressure vessel 61 to another. 

At the outlet end, the pressure vessel removable 
closure plate 65a is provided with an opening through 
which a central connector tube 71 fits. The inner end of 
the tube 71 also carries an O-ring (not shown) in a 
groove in its exterior surface which seats in sealing 
engagement against the interior surface of the perme- 
ate tube 15 just axially inward of the counterbore. This 
tube 71 provides communication with the interior region 
of the permeate tube 15 and serves as the permeate 
outlet connection to the exterior of the pressure vessel 
63. 

In operation, a feed stream enters an inlet tube 73 
which is generally radially positioned at the upper left- 
hand comer of the FIG. 6 apparatus and delivers the 
high pressure feed fluid to the toroidal region 75 at the 
feed end of the pressure vessel, which region serves as 
a short annular plenum leading directly into the open 
regions between the radial arms 43 and then to the spi- 
ral passageways defined by the spacer material sheets 
21 . As the feed flows axially along the length of the car- 
tridge, it becomes more concentrated, as the permeate 
passes through the permeselective openings in the 
semipermeable membrane material 17, with the 
remainder of the feed (or retentate) continuing to flow 
toward the outlet end. At the right-hand end, as shown 
in FIG. 6, the concentrate or retentate flows through the 
openings in the other circular retainer into a similar ple- 
num 76 and then out a side outlet 77, which is separate 
of course from the central permeate outlet 71. Instead 
of having the exft outlet 77 for the retentate in the side of 
the pressure vessel, rt could alternatively be provided at 
an off-center location in the removable closure plate 
65a. 

The overall cartridges 11 including the molded or 
formednn-place outer casings 49 not only have 
improved performance characteristics because of their 
ability to maintain precise outer tolerances and tight 
constraint of the spirally-wound leaves, but. as previ- 
ously indicated, they have significantly improved han- 
dling characteristics because the tough polymeric outer 



shell substantially eliminates the potential for inadvert- 
ent damage to the spirally-wound subassembly. These 
advantages, coupled with the improvement in manufac- 
turing operations and the reduction in quality control 
5 expenses, make this cartridge design extremely desira- 
ble. 

Illustrated in FIG. 7 is an alternative form of a car- 
tridge 81 embodying various features of the invention in 
which a circular retainer or ATD 83 of a different design 

10 is employed, which is elongated in axial length. It has a 
solid end disk portion 85 that is provided with a central 
opening 87 leading into a hub 89 and an off-center 
opening 91 leading into a plenum chamber 93 formed 
within the interior of the circular retainer. It may be desir- 

15 able to injection mold the ATD 83 as two separate inter- 
fitting pieces. Comparison with the circular retainer 13 
utilized in the assembly illustrated in FIG. 3 shows that 
the elongated circular retainer 83 includes a circumfer- 
ential peripheral surface portion which is recessed from 

20 its greatest diameter which appears at the outer edge of 
the rim of the end disk 85, and it also includes a plurality 
of radial struts 95 radiating from the central hub 89 
which likewise includes a male boss 97 that is received 
in a counterbore provided in the central permeate tube 

25 99. This design is particularly adapted to providing a 
standalone, sealed pressure vessel type cartridge 
wherein the pair of center and off-center openings 87, 
91 through the elongated circular retainers 83 at each 
end of the cartridge facilitate suitable sealing connec- 

30 tions so as to facilitate operation of the integral cartridge 
81 under pressure as a stand-alone unit without the 
need for the surrounding pressure vessel, as illustrated 
in FIG. 6. 

In this respect, the center holes 87 are provided 

35 with pipe threads to facilitate coupling two or more of 
these sealed cartridges 81 together in series connec- 
tion or simply to allow permeate flow out both ends of 
the unit if desired for a particular application. On the 
other hand, if the cartridge 81 is being used singly, a 

40 suitably threaded plug may be inserted in one of the two 
central openings 87 so that the permeate flow would 
exit only from the single opening at the opposite open 
end. Of course, pipe threads are not required, as any 
other suitable sealed connection between the openings 

45 87, 91 and a conduit could alternatively be employed. 
Similarly, pipe threads are provided leading into the off- 
center openings 91 in each of the circular retainers, for 
connection respectively to an inlet feed pipe and to an 
exit retentate or concentrate pipe. As can be seen in 

so FIG. 6, these openings lead into the toroidal chambers 
93 which provides 360 degree access to the axial ends 
of the spirally-wound membrane subassembly, similar 
to the arrangement depicted in FIG. 6. 

The elongated peripheral surface of the extended 

55 circular retainers provides the opportunity for an even 
stronger seal to be created between the circular retain- 
ers and the formed-in-place shell 101 . In this respect a 
first shallow groove 103a of rectangular cross-section is 
provided generally near the inner end of the circular 
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retainer, and a deeper rectangular groove 103b is pro- 
vided spaced therefrom in the otherwise generally solid 
disk portion 85 of the circular retainer. The outer diame- 
ter of the retainer 83 in the region between the two 
grooves and in the region of a short circular flange por- 
tion 104 that fits about the spirally-wrapped membrane 
assembly is recessed so as to be a predetermined 
amount less than the diameter at the outermost end of 
the rim, which is proportioned to be equal to the interior 
diameter of the mold cavity. If desired, the design can be 
such that the main central portion of spirally-wound 
membrane subassembly is slightly smaller in diameter 
than that illustrated in FIG. 3, or the outer rim sections 
can be slightly greater in diameter to create a slightly 
thicker shell 101 and provide additional hoop strength 
and resistance to possible outward bowing from the 
pressure of the feed stream within the operating car- 
tridge. 

Generally such integral pressure vessel cartridges 
are used with feed streams at pressures of about 200 
psi or less; however, depending upon the thickness of 
the wall, the strength of the polymeric material arti 
whether or not any reinforcement is included (as herein- 
before discussed), pressures in the neighborhood of 
1.72 x 10 3 kPa (250 psi) 2.07 x 10 3 kPa (300 psi) or 
even higher above may be used. For example, such 
integral pressure vessel cartridges having an exterior 
diameter of about 4 inches may have a shell thickness 
of about 6.35 mm (0.25 inch) or more. e.g. 10.16 mm 
(0.40 inch). Because the requirement for wall strength 
varies with the overall diameter of the cartridge, the 
larger the diameter, the greater the wail thickness of the 
shell should usually be. For example, for cartridges hav- 
ing an outer diameter of about 203.2 mm (8 inches), a 
wall thickness equal to about 12.7 mm (0.5 inch) to 
about 20.32 mm (0.8 inch) may be used. In the finished 
cartridge, a very good pressure containment structure is 
created because of the provision of the pair of spaced 
apart locking grooves 103a,b at each end of the shell, 
which grooves have wall surfaces that are perpendicular 
to the outer surface and thus provide an extremely 
strong joint in the form of the two pairs of 360 degree 
extending, spaced apart, interengaging surfaces, which 
is supplemented by the strong adhesive bond between 
the interior surface of the preferably urethane shell and 
the recessed peripheral surface of the elongated circu- 
lar retainer in the region between these two grooves. 

To fabricate the cartridge depicted in FIG. 7, the 
loading of the subassembly into the mold would be sub- 
stantially the same. Optional seals could be provided 
between the smooth cylindrical surface of the mold cav- 
ity and the extreme ends of the ATDs 83; the entrance 
opening for the chemicals being injected and the over- 
flow outlet opening would be substantially the same. 
Similar reaction molding compounds can be employed 
as those described hereinbefore. The difference 
between the diameter at the exterior rim end of the cir- 
cular retainer 83 (which is equal to the diameter of the 
mold cavity) and the diameter of the rolled spirally- 



wound membrane subassembly determines the wail 
thickness of the molded-irvplace casing 101 and should 
be of a sufficient dimension so as to provide the neces- 
sary wail strength for containment of the anticipated 

5 pressure, as discussed hereinbefore. Generally, the wall 
strength is a measure of the thickness of the casing wall 
and the tensile strength of the polymeric material 
employed, and generally a thicker wall casing will be 
employed in a cartridge designed to alone withstand the 

10 internal pressure within the cartridge during operation, 
than in a cartridge intended for use within a surrounding 
pressure vessel. Moreover, somewhat more rigid poly- 
meric resins may be employed in making such a pres- 
sure vessel type cartridge. The use of fiber 

75 reinforcement could also be included, if desired, for this 
purpose; for example, a tubular sleeve of woven fibrous 
form or the like could be mechanically bonded to the cir- 
cular flanges at the inner ends of each of the circular 
retainers 83 before the subassembly is placed in the 

20 mold. Such a sleeve would then become an integral por- 
tion of the casing as a result of its being enveloped by 
the polymerizing resin materials being injected into the 
mold during the reaction injection molding process. The 
presence of such reinforcement would further improve 

25 the overall integrity of the integral pressure vessel which 
completely envelopes the spirally-wound membrane 
assembly, providing only the two threaded openings 87, 
91 which appear in the end walls of the circular retainers 
at each end of the cartridge, and as a result, there 

so would be even additional restraint to counteract longitu- 
dinal distortion, as well as radial distortion or unwinding, 
when the spirally-wound membrane assembly is sub- 
jected to internal fluid pressure appropriate to the nor- 
mal operation of reverse osmosis or ultrafiltration 

35 separation processes for which cartridges are 
designed. 

Illustrated in FIG. 8 is a second alternative type of 
cartridge 105 embodying various features of the inven- 
tion which is also designed to function as an integral 

40 pressure vessel having only two openings at each axial 
end. as in the case of the cartridge shown in FIG. 7. In 
the FIG. 8 version, a circular retainer 107 is employed 
which somewhat resembles that shown in FIG. 3; how- 
ever, it has an outer diameter which is always less than 

45 the intended outer diameter of the cartridge. It has a 
longitudinal central extension 109 on the hollow hub 
111, which extension carries internal threads and 
essentially extends into the outer region ocopied by the 
solid end disk in the FIG. 7 embodiment. Only a rela- 

so tively thin annular wall 1 1 3 is provided extending radially 
from the hub to the rim, which wall is solid except for a 
single off-center hole 115 that is also threaded. As a 
result of the reduced outer diameter of the retainer 107, 
polymeric resin material flows or wraps around the outer 

55 surface of the wall 1 13 and creates the major portion of 
what constitutes an end disk portion 1 1 7 (similar to the 
portion 85 in the FIG. 7 embodiment). As seen in FIG. 8, 
the diameter of the longitudinal central extension 109 is 
less than 1/2 of the diameter of the cartridge and prefer- 
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ably less than 1/3 of the diameter. As a result, when the 
polymeric resin being injected occupies this entire 
region from the mold cavity wall to the peripheral sur- 
face of the central extension, an extremely strong junc- 
tion is created. In other words, the incorporation of an 5 
annular wall of polymeric resin at each end of the car- 
tridge, having a radial dimension equal to at least about 
1/4 and preferably at least about 1/3 of the diameter of 
the cartridge, creates a particularly strong arrangement 
that will effectively withstand a buildup of internal pres- 10 
sure within the cartridge as a result of the presence of 
these transverse end walls. 

The RIM molding process that is used is generally 
similar to that described hereinbefore except that, 
before the subassembly is placed in the injection mold, is 
end fixtures 121 are attached to each of the circular 
retainers 107 as depicted at the left hand end of FIG. 8. 
It should be understood that the right hand end is shown 
after the end fixture has been removed. These fixtures 
121 cooperate with the mold cavity in defining the void 20 
volume into which the resin will flow upon injection and 
more particularly determine the configuration of the end 
surfaces of the ultimate cartridge. The end fixture 121 
includes a circular portion from which protrudes an inte- 
gral central coaxial stubshaft or mandrel 1 23. the exte- 25 
rior of which carries a standard pipe thread; this fixture 
is screwed into the female pipe thread that is formed on 
the interior of the extended hub 111 of the circular 
retainer. There is also included a separate short man- 
drel or plug 1 25, carrying on its outer surface a standard 30 
pipe thread, which screws into the threaded off-center 
hole 1 15 in the retainer; the circular cross section rear 
end of the plug 125 fits snugly through a circular pas- 
sageway in the end fixture 121 when that passageway is 
aligned with the off-center hole 115; an O-ring (not 35 
shown) can be carried by the outer end of the plug 125 
to assure a seal is created with the fixture 121. In this 
location in the ultimate cartridge, the plug 125 creates 
an extension of the female pipe thread from the hole 
1 1 5. Instead of being formed integrally with a part of the 40 
end disk fixture 121, the central stubshaft 123 can be 
formed as a separate bolt which is either slidably or 
threadably received in a matching passageway in the 
center of the circular fixture, if desired. 

As in the case of the other embodiments hereinbe- 45 
fore described, the spirally-wound membrane sub- 
assembly, with the circular retainers 107 suitecfly 
adhesively bonded or spin-welded to the counterbores 
in the ends of a central permeate tube 126 and with the 
end fixtures 121 installed at each axial end, is loaded so 
into the injection mold cavity. Following the injection of 
the resin components that react to form the polymeric 
casing, the mold is maintained in its closed position for 
a sufficient time for the cross-linking reaction to take 
place and for the individual components to sufficiently ss 
cure into a solid form which can be handled without 
impairing its surface. It is then removed and allowed to 
completely cure, at room temperature, to solid, substan- 
tially rigid, polymeric resin material. 



The final finished, completely cured cartridge 105 is 
characterized by an integral outer structure of desired 
wall thickness of the RIM polymeric material, which is 
mechanically and adhesively bonded to, and nearly 
totally encapsulates, the smaller diameter circular 
retain ers 107 located at each end. In this respect a rec- 
tangular cross-section groove 127 is provided in the 
outer periphery of the circular retainer, and a similar rec- 
tangular groove 129 is provided in the exterior surface of 
the extended portion 109 of the hub 111. Interlocking 
and excellent mechanical bonding results both from the 
filling of these circumferential grooves 127, 129 with the 
polymeric material, during the creation of the end wall 
117 adjacent the annular wall 113, and also from the 
bonding between the circular retainers and the perme- 
ate tube at the surfaces of the counterbore. Again there 
is also a strong adhesive bond along the periphery of 
the circular retainer 107 outward of the groove 127 as a 
result of the preferred use of polyurethane resin. As a 
result the design depicted in FIG. 8 is capable of with- 
stancOng even higher internal pressures while retaining 
its dimensional stability than that shown in FIG. 7 when 
operated as a self-contained pressure vessel unit. 

Upon completion of the molding process, the 
threaded plug portions 1 25 of the end fixtures are disen- 
gaged by-unscrewing them from the molded body, leav- 
ing the off-center, pipe-threaded opening, that includes 
the hole 115, which communicates with the plenum 
chamber. Unscrewing of the fixture 121 itself then 
exposes the otherwise flat end wall surface at the end 
of the cartridge, as shown at the right-hand end of FIG. 
8. The nearly total envelopment of the circular retainers 
107 by the polymeric resin, which now has formed an 
outer shell 131. creates a structure wherein the polym- 
erized, injected resin constitutes more than 95% of the 
outer surface area of the cartridge. This method of 
molding permits precise dimensional tolerances to be 
achieved in the manufacture and assures that such car- 
tridges have very adequate mechanical strength suffi- 
cient to withstand even relatively high internal pressures 
during separation operation. 

Although the invention has been described with 
regard to several different embodiments which are 
believed to constitute the best mode known to the inven- 
tors at this time, it should be understood that various 
changes and modifications as would be obvious to one 
having the ordinary skill in this art may be made without 
departing from the scope of the invention which is set 
forth in the appended claims. For example, although 
FIGS. 1 through 6 illustrate the preferred method of 
forming a cartridge which includes an ATD integrally 
connected as a part of the shell at each axial end 
thereof, it should be understood that certain advantages 
of the invention might be obtained by utilizing only a sin- 
gle ATD at one end of the cartridge, or possibly no ATD 
at either end of the cartridge. In such an instance, there 
would still be provided an expedient method of manu- 
facturing cartridges of precise uniform exterior diameter 
incorporating spirally wound membrane subassemblies. 
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If either end of the cartridge was not to have an ATD 
attached to the end of the shell, then a temporary bar- 
rier would be used in the molding step to prevent the 
injected resin mixture from reaching the exposed axial 
ends of the spirally wound and taped subassembly, and 5 
it is likely that the taped subassembly would not be 
trimmed until following the creation of the shell so as to 
provide a smooth flat end surface for the cartridge, par- 
ticularly at the interface between the shell and the tape 
barrier. w 

Moreover, although the use of reaction injection 
molding has been stressed, other comparable molding 
processes, such as transfer molding of thermosetting 
resins, can alternatively be employed, using mold cavi- 
ties of essentially the same design. Likewise, although is 
polyurethanes, polyesters and polyepoxides have been 
discussed as preferred materials for making the strong, 
tough shell that is fbrmed-in-place as a part of the car- 
tridge, other comparable organic polymeric materials, 
particularly thermosetting plastics, can be used as 20 
known in this art in which development of such poly- 
meric resins continues at the present time. 

Claims 

25 

1. A spirally wound semipermeable membrane car- 
tridge comprising 

a central permeate tube (15, 99. 126) having a 
porous sidewall, 30 
at least one elongated, generally flat, tubular 
membrane envelope (17) the interior of which 
envelope contains permeate passageway 
material (19), said envelope interior being in 
fluid communication with the interior of said 35 
central tube, 

inlet flow-passageway-providing material (21), 
said envelope and said inlet flow-passageway- 
providing material being disposed in a spiral 
winding about said central permeate tube with 40 
said inlet flow-passageway-providing material 
creating a spiral flow path which extends axi- 
ally, from end to end, through said spiral wind- 
ing, said spiral flow path being in 
communication with exterior surfaces of said 45 
semipermeable membrane envelope, 
a circular retainer (13, 83, 107) at each end of 
said spirally wound assembly, which retainers 
have traverse openings to permit fluid flow 
therethrough either to or from said spiral flow so 
path, characterized by 

an exterior, generally tubular, formed-in-place 
shell (49. 101. 131) of polymeric material sur- 
rounding said spirally wound assembly, said 
shell extending between and interconnecting ss 
said circular retainers and providing an outer 
right circular cylindrical surface of uniform 
dimension for said cartridge. 



2. A cartridge in accordance with Claim 1 character- 
ized by each end of said central permeate tube and 
said respective circular retainer having interengag- 
ing means (31 , 97, 1 1 1) which mate in engagement 
such that said central permeate tube accurately 
centers said two circular retainers on the same lon- 
gitudinal axis. 

3. A cartridge in accordance with either Claim 1 or 2 
characterized by said formed-in-place shell being 
sealed to both of said circular retainers by the adhe- 
sive character of said polymeric material and cre- 
ates an integral structure with said retainers, 
wherein the peripheral surface of each of said circu- 
lar retainers has an annular groove (37, 103a, 127), 
wherein said annular groove is formed in a periph- 
eral portion of each of said circular retainers which 
lies adjacent said spirally wound assembly, and 
wherein said formed-in-place shell includes a pair 
of inwardly extending annular tongues, one of 
which respectively fills said groove in each of said 
retainers, thereby uniting said shell to both said cir- 
cular retainers. 

4. A cartridge in accordance with any one of Claims 1 - 
3 characterized by said shell forming a portion of an 
integral pressure vessel, wherein said circular 
retainer elements (83, 107) at each end of said tube 
are affixed thereto by bonding, wherein each circu- 
lar element has an axially inward surface, an axially 
outward surface, a peripheral surface, and a toroi- 
dal chamber (93) formed therewithin, which cham- 
ber extends from said axially inward surface, 
wherein opening means in said element provides 
communication between said toroidal chamber and 
said axially outward surface, and wherein the wall 
thickness of said outer shell is at least about 
0.254mm (0.01 inch). 

5. A cartridge according to Claim 2 characterized by a 
counterbore being provided in the interior surface of 
said central permeate tube (126) at each end 
thereof, each said circular retainer (107) having a 
protuding male boss (1 1 1) which is received in said 
counterbore and which has an inner diameter sub- 
stantially equal to the inner diameter of said central 
tube, the wall thickness of said outer shell being 
between about 1.27mm (0.05 inch) and about 
5.08mm (0.20 inch), and said shell being formed 
with a pair of transverse, radially inwardly extending 
walls (117), one at each axial end. which walls each 
lie axially beyond and abut a transverse surface on 
one of said circular retainers. 

6. An integral separation device wherein a spirally 
wound semipermeable membrane assembly is 
encapsulated within an integral pressure vessel, 
which device comprises 
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a central permeate tube (99, 126) having a 
porous sidewall, 

at least one elongated, generally flat, tubular 
membrane envelope (17) the interior of which 
envelope contains permeate passageway s 
material (19), said envelope interior being in 
fluid communication with the interior of said 
central tube, 

inlet flow-passageway-providing material (21), 
said envelope and said inlet flow-passageway- io 
providing material being disposed in a spiral 
winding about said central permeate tube with 
said inlet flow-passageway-providing material 
creating a spiral flow path, which flow path 
extends axially from end to end through said is 
spiral winding, said flow path being in commu- 
nication with exterior surfaces of said semiper- 
meable membrane envelope, 
a circular retainer (83, 107) at each end of said 
spirally wound assembly, which retainers have 20 
openings to permit fluid flow therethrough in a 
generally axial direction either to or from said 
spiral flow path, characterized by 
an exterior, generally tubular, formed-in-place 
shell (101, 131) of polymeric material sur- 2s 
rounding said spirally wound assembly, which 
shell assures restraint of said spiral winding 
throughout the lifetime of sasid separation 
device, said shell extending between and inter- 
connecting said circular retainers (83, 107) as 30 
a result of being sealed thereto and providing 
therewith an integral pressure vessel having an 
outer right circular cylindrical surface of uniform 
dimension, 

said pressure vessel having a feed inlet pas- 35 
sageway (115) formed in one axial end thereof, 
and a retentate exit passageway (115) formed 
in the opposite axial end thereof, said passage- 
ways leading to said openings in said retainers, 8. 
and at least one of said circular retainers hav- 40 
ing a central opening in a hub portion (111) 
thereof which communicates with the interior of 
said central permeate tube (126), 
whereby said separation device is capable of 
operating without any surrounding pressure 45 
vessel to produce a permeate stream and a 
separate retentate stream when an inlet stream 
to be treated is fed thereto. 

7. A method for making a spirally wound semiper- so 
meable membrane cartridge, which method com- 
prises 

providing a central permeate tube (15, 99, 126) 
having a porous sidewall to provide communi- ss 
cation between the interior and exterior thereof, 
providing materials forming at least one length 9. 
of a semipermeable membrane envelope (17) 
of generally flat, tubular cross-section, which 



envelope has permeate passageway material 
(19) extending throughout the interior thereof, 
connecting one end of said semipermeable 
envelope materials with said central permeate 
tube so that the interior of said envelope is in 
fluid communication through said porous side- 
wall with the interior of said central tube, 
providing at least one sheet of inlet flow-pas- 
sageway-providing material (21), 
spirally winding said tubular envelope materials 
and said sheet of inlet flow-passageway-pro- 
viding material about said permeate tube to 
create a spirally wound, generally cylindrical 
subassembly of desired outer diameter, 
associating a pair of circular retainers (13, 83, 
107) with said central permeate tube, one such 
retainer being located at each axial end thereof 
and being coaxial with the other, 

characterized by locating said spirally wound 
subassembly and said associated circular retainers 
in a mold having a generally cylindrical cavity (45) 
of circular cross-section proportioned to leave a 
void region between the major central portion of 
said assembly and said mold cavity cylindrical wall, 

closing said moid and injecting flowable 
material under pressure into said void region 
between the outer surface of said spirally wound 
subassembly and the interior wall of said mold cav- 
ity so as to substantially fill the annular, longitudi- 
nally extending region and thereby encapsulate 
said spirally wound assembly in an exterior, gener- 
ally tubular, polymeric shell (49. 101, 131) which 
extends between and is attached to said pair of cir- 
cular retainers to create an integral cartridge, and 

removing said cartridge from said mold fol- 
lowing solidification of said exterior polymeric shell. 

A method in accordance with Claim 7 characterized 
by each of said circular retainers having an annular 
groove (37, 103a, 127) in its peripheral surface, 
prior to locating it in said mold cavity, said spirally 
wound subassembly being wrapped about its entire 
lateral periphery with an impermeable covering (27) 
that also covers edge portions of said retainers 
adjacent said subassembly, each end of said per- 
meate tube being mechanically engaged in coaxial 
relationship with said associated circular retainer so 
that the location of said circular retainers within said 
mold cavity precisely aligns said permeate tube 
along the axial centeriine of said mold cavity, and 
said flowable material which is injected into said 
mold filling said annular grooves and locking said 
circular retainers to each other as an integral struc- 
ture via said molded polymeric shell. 

A method in accordance with Claim 7 characterized 
by each said circular retainer having at least two 
longitudinally spaced apart annular grooves (127, 
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129) in a peripheral surface thereof, which grooves 
become filled with said injected flowable material 
during said injecting step, wherein each said circu- 
lar retainer has a peripheral diameter less than that 
of said mold cavity and has a central, internally 5 
threaded hub (109) which extends axially outward 
from an annular wall (113), wherein each said circu- 
lar retainer (107) is mated with a cooperating circu- 
lar fixture (121) which contains a threaded mandrel 
(123) which is received in said threaded central hub 10 
of said retainer and spaces said fixture axially out- 
ward from said annular wall, wherein each said fix- 
ture includes an externally threaded plug (125) 
which extends into an opening in said annular wall, 
said spacing being such that the region between 1S 
said annular wall of said retainer element and the 
facing surface of said circular fixture becomes filled 
with polymeric material, which material integrally 
encapsulates said subassembly within a surround- 
ing tubular vessel that envelops both ends thereof 20 
by substantially encasing said circular retainer ele- 
ments, and whereby removal of said externally 
threaded plug leaves an internally threaded open- 
ing (1 1 5) leading toward an axial end of said spirally 
wound subassembly, wherein said void region 25 
between the outer surface of said spirally wound 
subassembly and the mold cavity cylindrical wall 
has an average thickness of at least about 6.35 mm 
(0.25 inch), wherein said flowable material is a mix- 
ture of at least two chemical components which 30 
undergo a chemical reaction resulting in formation 
of a substantially rigid exterior polymeric shell 
(131), and wherein said polymeric material shell 
which is formed creates a substantially rigid pres- 
sure vessel that will withstand at least about 1 .38 x 3S 
10 3 kPa (200 psi") internal operating pressure. 

10. A method for making a spirally wound semiper- 
meable membrane cartridge, which method com- 
prises 40 

providing a central permeate tube (15) having a 
porous sidewall to provide communication 
between the interior and exterior thereof, 
providing at least one length of a semiper- 45 
meable membrane envelope (17) of generally 
flat tubular cross-section, which envelope has 
permeate passageway material (19) extending 
throughout the interior thereof, 
connecting one end of said semipermeable so 
envelope materials with said central permeate 
tube so that the interior of said envelope is in 
fluid communication through said porous side- 
wall with the interior of said central tube, 
providing at least one sheet of inlet flow-pas- ss 
sageway-providing material (21), 
spirally winding said tubular envelope materials 
and said sheet of inlet flow-passageway-pro- 
viding material about said permeate tube to 



create a spirally wound, generally cylindrical 
subassembly (34) of desired outer diameter, 
wrapping the entire generally cylindrical periph- 
eral surface of said spirally wound subassem- 
bly with an impermeable covering (27), 

characterized by locating said wrapped, spirally 
wound subassembly in a mold having a generally 
cylindrical cavity (45) of circular cross-section pro- 
portioned to leave a void region between said cov- 
ering and said mold cavity cylindrical wall. 

closing said mold and injecting flowable 
material under pressure into said void region 
between the outer surface of said wrapped, spirally 
wound subassembly and the interior wall of said 
mold cavity so as to substantially ffll the annular, 
longitudinally extending region and thereby encap- 
sulate said wrapped, spirally wound subassembly 
in an exterior, generally tubular, polymeric shell 
(49), and 

removing said cartridge from said mold fol- 
lowing solidification of said exterior polymeric shell. 

PatentansprOche 

1. SpiraffOrmig gewundene halbdurchiassige Mem- 
brankartusche, umfassend 

ein zentrales Permeatrohr (15, 99, 126) mit 
einer porOsen Sertenwand, 
mindestens eine langliche, im allgemeinen f la- 
che rohrfOrmige MembranhQIle (17), deren 
Inneres ein Permeat-Durchtrrttsmaterial (19) 
enthait, wobei das HGIIeninnere mit dem Inne- 
ren des zentralen Rohres leitungsmftBig ver- 
bunden ist, 

einen Eirttrtttsstrom-Durchgang schaffendes 
Material (21), 

wobei die HOIIe und das den Eintrittsstrom- 
Durchgang schaffende Material in einer Spiral- 
windung urn das zentrale Permeatrohr ange- 
ordnet sind und das den Eintrittsstrom- 
Durchgang schaffende Material dabei einen 
spiralformigen DurchfiuBweg erzeugt, der axial 
von einem Ende zum anderen durch die Spiral- 
windung hindurch veriauft, wobei der spiralfor- 
mige Durchf luBweg mit den AuBenflftchen der 
halbdurchldssigen MembranhQIle leitungsms- 
Big verbunden ist 

eine kreisfOrmige Hafterung (13, 83, 107) an 
jedem Ende des spiraff Ormig gewundenen Auf- 
baus, welche Haiterungen Durchf iuBOffnungen 
aufweisen, urn Fluid entweder zu Oder von dem 
spiralformigen DurchfluBweg hindurchstromen 
zu lassen, gekennzeichnet durch 
eine den spiralfOrmig gewundenen Aufbau 
umgebende, im allgemeinen rohrfOrmige, in 
situ gebildete AuBenschale (49, 101, 131) aus 
Polymermaterial, welche Scheie sich zwischen 
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den kreisformigen Halterungen erstreckt und 
diese miteinander verbindet und eine duBere 
gerade kreiszylinderfOrmige Fiache einheitli- 
cher Dimension fQr die Kartusche bildet. 

5 

2. Kartusche nach Anspruch 1 , dadurch gekennzeich- 
net daB jedes Ende des zentraien Permeatrohres 
und die entsprechende kreisfOrmige Halterung 
ineinander eingreifende Organe (31, 97. 111) auf- 
weisen, welche im Eingriff derart zusammenpas- 10 
sen, daB das zentrale Permeatrohr die beiden 
kreisformigen Halterungen an derselben Langs- 
achse genau zentriert 

3. Kartusche nach Anspruch 1 oder 2, dadurch is 
gekennzeichnet. daB die in situ gebiidete Schale 
aufgrund der haftenden Eigenschaft des Polymer- 
materials mit beiden kreisfflrmigen Halterungen 
verschweiBt ist und mit diesen Halterungen eine 
integrale Struktur bildet, wobei die Umfangsf lache 20 
jeder der kreisformigen Halterungen eine Ringnut 
(37, 103a, 127) aufweist welche Ringnut in einem 
neben dem spiralformig gewundenen Aufbau lie- 
genden Umfangsteil jeder kreisformigen Halterung 
ausgebildet ist. und wobei die in situ gebiidete 2s 
Schale ein Paar nach innen ragender ringfOrmiger 
Zungen enthait, von denen jeweils eine die Nut in 
jeder der Halterungen ausfultt, wodurch die Schale 

mit beiden kreisformigen Halterungen verbunden 
ist. 30 

4. Kartuschue nach einem der AnsprOche 1 bis 3, 
dadurch gekennzeichnet, daB die Schale Teil eines 
integralen DruckgefeBes ist, wobei die kreisformi- 
gen Halterungselemente (83, 107) an jedem Ende 35 
des Rohres durch VerschweiBen damn befestigt 
sind, wobei jedes kreisfOrmige Element eine axial 
innere Fiache, eine axial auBere Fiache, eine 
Umfangsf lache und eine darin gebiidete Ringkam- 
mer (93) aufweist welche Kammer sich von der 40 
axial inneren Fiache weg erstreckt, wobei Off- 
nungseinrichtungen in diesem Element eine Ver- 
bindung zwischen der Ringkammer und der axial 
duBeren Fiache herstellen und wobei die Wand- 
dicke der AuBenschale zumindest etwa 0,254 mm 45 
(0,01 Inch) betragt. 

5. Kartusche nach Anspruch 2, dadurch gekennzeich- 
net daB eine Gegenbohrung in der Innenfiache 
des zentraien Permeatrohres (1 26) an jedem Ende so 
desselben vorgesehen ist, wobei jede kreisfOrmige 
Halterung (107) einen vorragenden Einsteckwulst 
(111) aufweist welcher in der Gegenbohrung auf- 
genommen ist und einen Innendurchmesser hat, 
der im wesentlichen gleich dem Innendurchmesser ss 
des zentraien Rohres ist, wobei die Wanddicke der 
AuBenschale zwischen etwa 1,27 mm (0.05 Inch) 
und etwa 5,08 mm (0,20 Inch) betragt und die 
Schale mit einem Paar querlaufender, sich radial 



nach innen erstreckender Wande (117), u.zw. einer 
an jedem axialen Ende, ausgebildet ist, welche 
Wande jeweils axial Qber eine Querf Idche einer der 
kreisformigen Halterungen hinaus angeordnet sind 
und an dieser anltegen. 

6. Integrale Trennvorrichtung, worin ein spiralformig 
gewundener halbdurchiassiger Membranaufbau in 
einem integralen DruckgefaB eingekapselt ist, wel- 
che Vorrichtung umfaBt: 

ein zentrales Permeatrohr (99, 126) mit einer 
porosen Seitenwand, 

mindestens eine Idngliche. im allgemeinen fia- 
che rohrfOrmige MembranhQJIe (17), deren 
Inneres ein Permeat-Durchtrittsmaterial (19) 
enthait, wobei das HQIieninnere mit dem Inne- 
ren des zentraien Rohres leitungsmaBig ver- 
bunden ist, 

einen Eintrfttsstrom-Durchgang schaffendes 
Materia! (21), 

wobei die HOIle und das den Eintrittsstrom- 
Durchgang schaffende Material in einer Spiral- 
windung urn das zentrale Permeatrohr ange- 
ordnet sind und das den Eintrtttsstrom- 
Durchgang schaffende Material dabei einen 
spiraffOrmigen DurchfluBweg erzeugt der axial 
von einem Ende zum anderen durch die Spiral- 
windung hindurch veriauft wobei der spiraJfdr- 
mige DurchfluBweg mit den AuBenfiachen der 
halbdurchiassigen MembranhOlle leitungsma- 
Big verbunden ist, 

eine kreisfOrmige Halterung (83, 107) an jedem 
Ende des spiralformig gewundenen Autbaus. 
welche Halterungen Offnungen aufweisen, urn 
Fluid entweder zu Oder von dem spiraffOrmigen 
DurchfluBweg in einer im allgemeinen axialen 
Richtung hindurchstrOmen zu lassen, gekenn- 
zeichnet durch 

eine den spiralformig gewundenen Aufbau 
umgebende, im allgemeinen rohrfOrmige, in 
situ gebiidete AuBenschaJe (101, 131) aus 
Polymermaterial, welche Schale die Halterung 
der Spiralwindung Qber die gesamte Lebens- 
dauer der Trennvorrichtung gewahrieistet, 
wobei sich die Schale zwischen den kreisformi- 
gen Halterungen (83, 107) erstreckt und auf- 
grund der Tatsache, daB sie an diese 
angeschweiBt ist, diese miteinander verbindet 
und mit diesen ein integrales DruckgefaB mit 
einer auBeren geraden kreiszylinderfOrmigen 
Fiache einheitlicher Dimension bildet, 
welches DruckgefaB einen in einem axialen 
Ende desselben ausgebildeten Speise-Ein- 
trittsdurchgang (115) und einen im gegenQber- 
liegenden axialen Ende desselben 
ausgebildeten Retentat-Austrittsdurchgang 
(1 15) aufweist, welche Durchgange zu den Off- 
nungen in den Halterungen fQhren, wobei 
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zumirdest eine der kreisfOrmigen Halterungen 
eine zentrale Offnung in einem Nabenteil (111) 
derselben aufweist, welche mit dem Inneren 
des zentralen Permeatrohres (126) tommuni- 
ziert. 5 
wobei die Trennvorrichtung zur Erzeugung 
eines Permeatstroms und eines getrennten 
Retentatstroms bei Einspeisen eines aufzube- 
reitenden Eintrittsstroms in diese ohne umge- 
benden Druckkessel in Betrieb sein kann. io 

Verfahren zur Hersteiiung einer spiraifOrrrtig gewun- 
denen halbdurchiassigen Membrankartusche, wel- 
ches Verfahren umfaBt: 



75 

das Vorsehen eines zentralen Permeatrohres 
(15, 99, 126) mit einer porOsen Seitenwand zur 
Schaffung einer Verbindung zwischen dessen 
Innerem und dessen AuBerem, 
das Vorsehen von Materialien, die zumindest 20 
eine Lange einer halbdurchiassigen Membran- 
hOlle (17) mit im allgemeinen flachem, rohrfOr- 
migem Querschnitt bilden, in welcher HQIle 
sich ein Permeat-Durchgangsmaterial (19) 
uber das gesamte Innere derselben erstreckt, 2s 
das Verbinden eines Endes der halbdurchiassi- 
gen HOIImaterialien mit dem zentralen Permea- 
trohr derart, daB das Innere der HQIle uber die 
porOse Seitenwand mit dem Inneren des zen- 
tralen Rohres leitungsmaBig verbunden wird, 30 
das Vorsehen mindestens einer Folie aus 
einen Eintrittsstrom-Durchgang schaffendem 
Material (21), 

das spiralfOrmige Wind en der rohrfOrmigen 
HOIImaterialien und der Folie aus einen Ein- 35 
trittsstrom-Durchgang schaffendem Material 
urn das Permeatrohr zur Erzeugung eines spi- 
ralfOrmig gewundenen, im allgemeinen zylin- 
drischen Unteraufbaus gewOnschten 
AuBendurchmessers, 40 
das Verbinden eines Paares von kreisfOrmigen 
Halterungen (13, 83, 107) mit dem zentralen 
Permeatrohr, wobei eine solche Halterung an 
jedem axialen Ende desselben zu liegen 
kommt und koaxial zur anderen 1st, 45 

gekennzeichnet durch das Anordnen des 
spiraKOrmig gewundenen Unteraufbaus und der 
zugehOrigen kreisfOrmigen Halterungen in einer 
Form mit einem im allgemeinen zylindrischen Hohl- so 
raum (45) mit einem kreisfOrmigen Querschnitt, der 
so bemessen ist, daB er zwischen dem zentralen 
Hauptteil des Aufbaus und der zylindrischen Wand 
des Fbrmhohlraums einen leeren Bereich Obrig 
last, 55 

das SchiieBen der Form und das Einspritzen 
eines flieBfahigen Materials unter Druck in den lee- 
ren Bereich zwischen der AuBenfiache des spiral- 
fOrmig gewundenen Unteraufbaus und der 



Innenwand des Formhohlraums, so daB der ringfOr- 
mige, sich der Lange nach erstreckende Bereich im 
wesentlichen ausgefQIlt und dadurch der spiralfOr- 
mig gewundene Aufbau in einer auBeren, im allge- 
meinen rohrfOrmigen Polymerschale (49, 101, 131) 
eingekapselt wird, welche sich zwischen dem Paar 
kreisfOrmiger Halterungen erstreckt und zur Bil- 
dung einer integralen Kartusche an diesen befestigt 
wird, und 

das Entfernen der Kartusche aus der Form 
nach Verfestigung der auBeren Polymerschale. 

8. Verfahren nach Anspruch 7, dadurch gekennzeich- 
net, daB jede kreisfOrmige Halterung vor Anordnen 
im Formhohlraum eine Ringnut (37, 103a, 127) in 
ihrer Umfangsfiache aufweist, wobei der spiralfOr- 
mig gewundene Unteraufbau urn seinen gesamten 
seitlichen Umfang mit einer undurchiassigen HQIle 
(27) umhOIrt wird, welche auch Randteile der Halte- 
rungen neben dem Unteraufbau bedeckt wobei 
jedes Ende des Permeatrohres koaxial mit der 
zugehOrigen kreisfOrmigen Halterung mechanisch 
in Eingrrff gebracht wird, so daB die Lage der kreis- 
fOrmigen Halterungen im Formhohlraum entlang 
der axialen Mittellinie des Formhohlraums mit dem 
Permeatrohr genau fluchtet, und daB das in die 
Form eingespritzte flieBfahige Material die Ringnu- 
ten ausfQIlt und die kreisfOrmigen Halterungen als 
integrale Struktur Ober die geformte Polymerschale 
aneinander WocWert. 

9. Verfahren nach Anspruch 7, dadurch gekennzeich- 
net, daB jede kreisfOrmige Halterung mindestens 
zwei der Lange nach im Abstand befindliche Ring- 
nuten (127, 129) in einer Umfangsfiache davon auf- 
weist, welche Nut en wahrend des Einspritzschritts 
mit dem flieBfahigen Einsprrtzmaterial ausgefQIlt 
werden, wobei jede kreisfOrmige Halterung einen 
Umfangsdurchmesser, der kfeiner als jener des 
r^rrnhohlraums ist und eine zentrale, mit Innenge- 
winde versehene Nahe (109) aufweist. die dich von 
einer ringfOrmigen Wand (113) axial nach auBen 
erstreckt, wobei jede kreisfOrmige Halterung (107) 
zu einer mit cDeser zusammenwirkenden kreisfOr- 
migen Befestigung (121) paBt welche einen mit 
Gewinde versehenen Dorn (123) enthait, der in der 
mit Gewinde versehenen zentralen Nabe der Halte- 
rung aufgenommen wird und die Befestigung von 
der ringfOrmigen Wand axial nach auBen im 
Abstand halt wobei jede Befestigung einen mit 
AuBengewinde versehenen Stopfen (125) enthait, 
der sich in eine Offnung in der ringfOrmigen Wand 
erstreckt, wobei der Abstand derart gewdhlt wird, 
daB der Bereich zwischen der ringfOrmigen Wand 
des Hafterungselements und der zugewancften 
Oberf lache der kreisfOrmigen Befestigung mit Poly- 
mermaterial ausgefQIlt wird, welches Material den 
Unteraufbau in einem umgebenden rohrfOrmigen 
GefaB integral einkapselt welches beide Enden 
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desselben durch wesentliche Ummantelung der 
kreisfOrmigen Halterungselemente umhOllt, und 
wobei das Entfernen des mit AuBengewinde verse- 
henen SWpsels eine mit Innengewinde versehene 
Offnung (1 1 5) zurOcWaSt, welche zu einem axial en 5 
Ende des spirarfOrmig gewundenen Unteraufbaus 
fQhrt, wobei der leere Bereich zwischen der AuBen- 
f Idche des spiraKOrmig gewundenen Unteraufbaus 
und der zylindrischen Wand des Formhohlraums 
eine durchschnittliche Dicke von mindestens etwa ;o 
6,35 mm (0.25 Inch) aufweist, wobei das f OeBf ahige 
Material eine Mischung aus mindestens zwei che- 
mischen Komponenten ist, die eine chemische 
Reaktion durchmachen, welche zur Bildung einer 
im wesentlichen starren AuSenschale (131) aus 15 
Polymermaterial fuhrt, und wobei die entstehende 
Schale aus Polymermaterial ein im wesentlichen 
starres DruckgefaB bitdet. welches einen inneren 
Arbeitsdruck von mindestens etwa 1 ,38 x 10 3 kPa 
(200 psi) aushdft 20 



Querschnitt, der so bemessen ist, daB er zwischen 
der HOIIe und der zylindrischen Wand des Form- 
hohlraums einen leeren Bereich Obrig laBt, 

das SchlieBen der Form und das Einspritzen 
eines f lieBf ahigen Materials unter Druck in den lee- 
ren Bereich zwischen der AuBenf lache des umhoil- 
ten spiralfOr mig gebundenen Unteraufbaus und der 
Innenwand des Formhohlraums, so daB der ringtor- 
mige, sich der Unge nach erstreckende Bereich im 
wesentlichen ausgefOllt und dadurch der umhOllte 
spiralfOrmig gewundene Unteraufbau in einer 
auBeren, im allgemeinen rohrfOrmigen Polymer- 
schale (49) einkapseit wird, und 

das Entfernen der Kartusche aus der Form 
nach Verfestigung der duBeren Polymerschale. 

Revendlcatlons 

1 . Cartouche de membrane semi -permeable enrou!6e 
en spirale comprenant : 



1 0. Verfahren zur Herstellung einer spiralfCrmig gewun- 
denen halbdurchiassigen Membrankartusche, wel- 
ches Verfahren umfaBt: 

25 

das Vorsehen eines zentralen Permeatrohres 
(15) mit einer porOsen Seitenwand zur Schaf- 
fung einer Verbindung zwischen dessen Inne- 
rem und dessen AuBerem, 
das Vorsehen mindestens einer Lange einer 30 
halbdurchiassigen MembranhQile (17) mit im 
allgemeinen flachem. rohrfOrmigem Quer- 
schnitt, in welcher HOIIe sich ein Permeat- 
Durchgangsmaterial (19) uber das gesamte 
lnnere derselben erstreckt, 35 
das Verbinden eines Endesder halbdurchiassi- 
gen HOIImaterialien mitdem zentralen Permea- 
trohr derart, daB das lnnere der HOIIe Ober die 
porOse Seitenwand mit dem Inneren des zen- 
tralen Rohres leitungsmaBig verbunden wird, ao 
das Vorsehen mindestens einer Fbiie aus 
einen Eintrittsstrom-Durchgang schaffendem 
Material (21), 

das 6piratf0rmige Winden der rc^rfOrmigen 
HOIImaterialien und der Folie aus einen Ein- as 
trittsstrom-Durchgang schaffendem Material 
urn das Permeatrohr zur Erzeugung eines spi- 
ralfOrmig gewundenen, im allgemeinen zylin- 
drischen Unteraufbaus (34) gewflnschten 
AuBendurchmessers, 50 
das EinhOllen der gesamten im allgemeinen 
zylindrischen Umfangsfiache des spiralfOrmig 
gewundenen Unteraufbaus mit einer undurch- 
lassigen HOIIe (27), 

55 

gekennzeichnet durch das Anordnen des 
umhOllten spiralfOrmig gewundenen Unteraufbaus 
in einer Form mit einem im allgemeinen zylindri- 
schen Hohlraum (45) mit einem kreisfOrmigen 2. 



un tube central de filtrage (15. 99, 126) ayant 
une paroi Iat6rale poreuse 
au moins une enveloppe (17) de membrane 
tubulaire allong6e, g6n6ralement plane dont 
llnterieur contient un materiau de passage de 
filtrage (19), ledit irtt6rieur d'enveloppe 6tant en 
communication de fluide avec I'interieur dudit 
tube central, 

un mat6riau (21) formant passage d'ecoule- 
ment d'entr6e, 

lacfite enveloppe et ledit materiau formant pas- 
sage d'Scoulement d'entr6e 6tant disposes en 
un enroulement en spirale autour dudit tube 
central avec ledit materiau formant passage 
d*6cou!ement d'entr6e, cr6ant un parcours 
d*6coulement en spirale qui s'ttend axialement 
de bout en bout a travers ledit enroulement en 
spirale, ledit parcours cf enroulement en spirale 
Slant en communication avec les surfaces 
externes de ladrte enveloppe de membrane 
semi -permeable, 

un moyen de retenue circulaire (13, 83, 107) a 
chaque extr6mit6 dudit ensemble cf enroule- 
ment en spirale, lesquels moyens de retenue 
orrt des ouvertures transversa] es pour permet- 
tre P6coulement de fluide vers ou a part'r dudit 
parcours d'6coulement en spirale, caract6ris6e 
par 

unecoquilleexttrieure(49. 101, 131) de forme 
g6n6rale tubulaire formde en place en un 
materiau polymfcre entourant ledit ensemble 
d'enroulement en spirale, lad'rte coquille s'6ten- 
dant entre lesdits moyens de retenue circulaire 
et reliant ceux-ci et formant une surface ext6- 
rieure cylindrique circulaire droite de dimen- 
sion uniforme pour ladrte cartouche. 

Cartouche selon la revendication 1 , caract6ri$6e en 
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ce que chaque extremite dudit tube central et les 
elements de retenue respectifs ont des moyens de 
cooperation (31, 97, 1 1 1) qui sont adapts de sorte 
que ledit tube de filtrage central assure un centrage 
precis des deux 6l6merrts circulaires de retenue sur s 
le m§me axe longitudinal. 

3. Cartouche selon la revendication 1 ou 2, caract6ri- 
s6e en ce que ladite coquille tbrmee en place est 
sceltee aux deux elements circulaires de retenue 
par le caracter e adh6sif dudit materiau polym6re et 
cr6e avec lesdits Pigments de retenue une struc- 
ture d'une seule piece ou la surface periph6rique 
de chacun desdHs elements circulaires de retenue 
a une rainure annulaire (37, 103a, 127) oCi cette rai- 
nure annulaire est form6e dans une partie p6riphe- 
rique de chacun desdits moyens de retenue 
circulaires qui se trouve adjacente k ('ensemble 
enrouie en spirale et ou ladite coquille formee en 
place inclut une paire de languettes annulaires 
s'etendant vers llnterieur dont I'une remplit respec- 
tivement ladite rainure dans chacun desdits ele- 
ments de retenue r6unissarrt ainsi ladite coquille 
aux deux elements circulaires de retenue. 

4. Cartouche suivant une quefconque des revendica- 
tions 1 k 3„ caract6ris6e en ce que ladite coquille 
forme une portion d'une enceinte de pression d'un 
seul tenant ou lesdits elements circulaires de rete- 
nue (83. 107) k chaque extremite dudit tube y sont 
fixes par adherence, ou chaque element circulaire 
a une surface dirigee axialement vers I'interieur, 
une surface dirigee axialement vers I'exterieur, une 
surface periphgrique et une chambre toroTdale (93) 
fbrm6e k son interieur, laquelle chambre s'etend k 
partir de ladite surface axialement interieure ou des 
moyens d'ouverture dans ledit element forment 
communication entre ladite chambre toroTdale et 
ladite surface axialement exterieure et ou I'epais- 
seur de paroi de ladite coquille exterieure est d'au 
moins environ 0,254 millimetres (0,01 inch). 

5. Cartouche suivant la revendication 2, caracteris6e 
par un contre-al6sage menage dans la surface inte- 
rieure dudit tube central de filtrage (126) k chacune 
de ces extr6mites, chacun desdits elements circu- 
laires de retenue (107) ayant un bossage mdle 
saillant (1 1 1) qui est recu dans ledit contre-a!6sage 
et qui a un diametre interieur sensrblement egal au 
diam&tre interieur dudit tube central, I'epaisseur de 
paroi de ladite coquille exterieure 6tant entre envi- 
ron 1,27 mm (0,05 inch) et environ 5,08 mm (0,20 
inch) et ladite coquille etant former avec une paire 
de parois transversales (117) s'etendant radiale- 
merit vers llnterieur k raison d'une k chaque extre- 
mity axiale, lesquelles parois se trouvent chacune 
axialement au-deie et au contact d'une surface 
transversale de I'un desdits elements circulaires de 
retenue. 



6. Dispositif de separation monobloc dans lequel un 
ensemble semi-permeable bobine en spirale est 
encapsule dans une enceinte de pression d'un seul 
tenant, lequel dispositif comprenant : 



un tube central de filtrage (99, 126) ayant une 
paroi taterale poreuse, 

au moins une enveloppe membrane tubulaire 
allong6e, g6n6ralement plane (17). dont llnte- 
io rieur corttient un mat6r iau 1 9 de passage de fil- 

trage, ledit interieur de i'enveloppe etant en 
communication avec llnterieur dudit tube cen- 
tral, 

un materiau (21) formant passage d'6couJe- 
is merit d'entree, 

ladite enveloppe et ledit materiau formant pas- 
sage d'ecoulement d'entree etant disposes en 
un enroulement en spirale autour dudit tube 
central de fOtrage avec ledit materiau formant 
20 passage d'ecoulement d'entree cr6ant un par- 

cours d'ecoulement en spirale, lequel parcours 
s'etend axialement de bout en bout k travers 
ledit enroulement en spirale, ledit parcours 
d'ecoulement etant en communication avec les 
25 surfaces externes de ladite enveloppe mem- 

brane semi-permeable, 

un element circulaire de retenue ou embout 
(83, 107) k chaque extremite dudit ensemble 
enrouie en spirale, lesquels elements de rete- 
30 nue ayant des ouvertures destinees k permet- 

tre recoupment de fluide les traversant dans 
une direction g6n6rale axiale sort vers, sort en 
provenance du parcours d'ecoulement en spi- 
rale caracterise par : 
35 une coquille (101, 131) exterieure de forme 

generate tubulaire formee en place en un 
materiau polymere entourant ledit ensemble 
enrouie en spirale. laquelle coque assure un 
confinement dudit enroulement en spirale pen- 
40 dant la duree de vie dudit dispositif de separa- 

tion, ladite coquille s'etendant entre les 
elements circulaires de retenue (83, 107) et 
reliant ceux-ci entre eux en raison de leur seel- 
lement et formant ainsi une enceinte de pres- 
45 sion d'un seul tenant presentant une surface 

exterieure cylindrique circulaire droite de 
dimension uniforme, 

ladite enceinte de pression ayant un passage 
(115) d'entree d'alimentation fbrm6 k une 
so extremite axiale et un passage de sortie de 

retenue (115) forme dans I 'extremite axiale 
opposee de I'enceinte, ces dites voies de pas- 
sage menant auxdrtes ouvertures dans lesdits 
elements de retenue et au moins un des ei6- 
55 merits circulaires de retenue ayant une ouver- 

ture centrale dans une partie moyeu (111) qui 
communique avec llnterieur dudit tube central 
de filtrage (126), 

ce par quoi le dispositif de separation est capa- 
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ble de fonctionner sans aucune enceinte de 
pression autour de lui pour produire un 6coufe- 
ment de f iltrat et un ecoul ement s6par6 de rete- 
nue lorsqu'un ecoulement d*entr6e a trailer est 
dirige vers lui. 

7. Proc6d6 pour fabriquer une cartouche de mem- 
brane semi-permeable enroulee en spirale. ce pro* 
c6d6 comprenant : 

disposer dun tube permeable central (15, 99. 
126) possSdant une paroi laterale poreuse 
pour faire communication entre son interieur et 
son exterieur, 

disposer de materiaux formant au moins une 
longueur cTune enveloppe de membrane semi- 
permeable (17) de section transversale gen6- 
ralement plate, circulaire, cette enveloppe 
comportant un materiau (19) a passages fil- 
trants s'etendant sur tout son interieur, 
relief une extremite dudit materiau d'enveloppe 
a passages f iltrarrts audit tube f iftre central de 
sorte que llnterieur de ladite enveloppe sort en 
communication de f luide a travers ladite paroi 
laterale poreuse avec llnterieur dudit tube cen- 25 
tral, 

disposer d'au moins une feuille de materiau for- 
mant passage d'ecoulement d'entree (21), 
enrouler en spirale ledit materiau d'enveloppe 
tubulaire, et ladite feuille formant passage 30 
d'ecoulement d'entr6e, pour former un sous- 
ensemble enroule en spirale g6n6ralement 
cylindrique, 

associer une paire d'embouts circulaires (13, 
83, 107) audit tube f litre central, un de ces 35 
embouts etant dispose a chaque extremite 
axiale. et etant coaxial a I'autre, 

caracterise par la mise en place dudit sous- 
ensemWe enroule en spirale et lesdits embouts cir- <o 
culaires associ6s dans un moule presentarrt une 
cavite (45) gen^ralement cylindrique de section 
transversale circulaire dimensionn6e pour laisser 
une region vide entre la partie centrale majeure et 
(a paroi de ladite cavite cylindrique de moule, 45 

termer le moule et injecter une matiere sus- 
ceptible d'ecoulement sous pression dans ladite 
region vide entre ledit sous-ensemble enroule en 
spirale et la paroi interieure de ladite cavite de 
moule en sorte d'emplir sensiblement la region so 
annulaire, s'etendant longitudinal ement, et ainsi 
encapsuler ledit sous-ensemble enroule en spirale 
dans une coquille exterieure, g6n6ralement tubu- 
laire, en polymere (49, 101, 131) qui s'etend entre 
ladite paire d'embouts circulates et leur est f ixee, ss 
pour constituer une cartouche d'une piece, et 

retirer ladite cartouche dudit moule a la suite 
de la solidification de ladite coquille polymere. 



8. Proc6d6 suivant la revendication 7, caracterise en 
ce que chacun des embouts circulaires poss6de un 
si lion circulaire (37, 103a, 127) dans sa surface 
p6riph6rique, avant d'etre place dans ladite cavite 
de moule, (edit sous-ensemble enroule en spirale 
est enveloppe sur toute la peripheric de sa surface 
laterale d'une couverture impermeable (27) qui 
couvre aussi les parties de bord desdits embouts 
adjacents audit sous-ensemble, chaque extremite 
dudit tube f litre est engage mecaniquement en rap- 
port coaxial avec ledit embout circulaire associe de 
sorte que le placement desdits embouts circulaires 
a llnterieur de ladite cavite de moule aligne avec 
precision ledit tube f litre le long de la ligne de centre 
axiale de ladite cavite de moule, et ladite matiere 
susceptible d'ecoulement qui est injectee dans ledit 
moule emplit le sillon circulaire et Woque lesdits 
embouts circulaires ensemble en une structure 
dune piece par I'intermediaire de ladite coquille 
polymere mouiee. 

9. Procede suivant la revendication 7, caracterise en 
ce que, chacun desdits embouts circulaires presen- 
tarrt au moins deux sillons annidaires espaces (on- 
gitudinalement (127, 129) dans sa surface 
peripherique, ces sillons se trouvant emplis de 
ladite matiere susceptible d'6coulement injectee 
pendant retape rfinjection, procede suivant lequel 
chacun desdits embouts circulaires possede un 
diametre interieur a celui de ladite cavite de moule 
et pr6sente un moyeu (109) central, filete interieu- 
rement qui s'etend axialement au-dela d'une paroi 
annulaire (113), suivant lequel chacun desdits 
embouts circulaires (1 07) est apparie a un montage 
circulaire cooperant (121) qui contient un mandrin 
filete (123) qui est engage dans ledit moyeu central 
filete dudit embout, et 6carte ledit montage axiale- 
ment vers Texterieur de ladite paroi annulaire, sui- 
vant lequel chacun desdits montages comprend un 
tampon (125) fflete exterieurementqui s'etend dans 
une ouverture dans ladite paroi annulaire. ledit 
espace etant tel que la region entre ladite paroi 
annulaire dudit embout circulaire et la surface qui 
lui fait face se trouve remplie de matiere polymere, 
ce polymere encapsule d'une piece ledit sous- 
ensemble a Tinterieur d'un recipient tubulaire envi- 
ronment qui enveloppe k la fois les deux extremites 
en recouvrarrt sensiblement lesdits elements 
d'embouts circulaires, et suivant lequel I'enieve- 
ment desdits tampons filetes exterieurement laisse 
une ouverture (115) filetee interieurement condui- 
sant vers une extremite axiale dudit sous-ensemble 
enroule en spirale, suivant lequel ladite region vide 
entre la surface exterieure dudit sous-ensemble 
enroule en spirale et la cavite de moule pr6serrte 
une epaisseur moyenne d'au moins environ 6,35 a 
125 mm, suivant lequel ladite matiere susceptible 
d'ecoulement est un melange d'au moins deux 
composants chimiques qui subissent une reaction 
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chimique conduisant & la formation d'une coquille 
polym6re sensiblement rigide (131), et suivant 
lequel ladite coquille polymdre qui est fbrm§e cons- 
tHue un recipient sensiblement rigide qui peut sup- 
porter une pression interne de service d'au moins 5 
environ 1,38 10 3 kPa (200 psi). 

10. Proc6d6 de fabrication d'une cartouche & mem- 
brane semi-permeable enroul6e en spirale, ce pro- 
cede comprenant : 10 

disposer d'un tube permeable (15) ayant une 
paroi laterals poreuse pour faire communica- 
tion entre son interieur et son exterieur, 
disposer cf au moins une longueur d'une enve- is 
loppe (17) de membrane semi-perm6abie de 
section transversale g6n6ralemerrt plate, tubu- 
laire, cette enveioppe possede un materiau de 
passage permeable (19) s'6tendant sur tout 
son interieur, 20 
relier une extr6mit6 dudit mat6riau d'enveloppe 
semi -permeable audit tube central permeable 
de sorte que llnterieur de ladite enveioppe soit 
en communication de fluide 6 travers ladite 
paroi Iat6rale poreuse avec Hnterieur dudit 2s 
tube central, 

disposer d'au moins une feuille de materiau for- 
mant passage d'entr6e d'6coulement (21), 
enrouler en spirale ledrt materiau d'enveloppe 
tubulaire et ladite feuille de materiau formant 30 
passage d'entree d'6coutemerrt autour dudit 
tube permeable pour constituer un sous- 
ensemble (34) enrouie en spirale et g6n6rale- 
merrt cylindrique de diametre exterieur voulu, 
envelopper (a surface peripherique errttere 35 
dudit sous-ensemble enrouie en spirale d'une 
couverture impermeable (27), caract6ris6 par 

la mise en place dudit sous-ensemble 
enrouie en spirale et envelopp^ dans un mouie pre- 40 
sentent une cavite (45) g6n6ralement cylindrique 
de section transversale circulaire dimensionn6e 
pour fatsser une region vide entre ladite couverture 
et ladite paroi cylindrique de ladite cavite de moule, 

la fermeture dudit moule et llnjection d'une 45 
mattere susceptible d'6coulement sous pression, 
dans ladite region vide entre la surface exterieure 
dudit sous-ensemble enrouie en spirale et enve- 
ioppe et la paroi interieure de ladite cavite de moule 
en sorte de remplir sensiblement la region annu- bo 
laire qui s'6tend longitudinalement, et ainsi encap- 
suler ledrt sous-ensemble enrouie en spirale et 
enveioppe dans une coquille (49) polymdre ext6- 
rieure, g6n6ralement tubulaire, et 

extraire ladite cartouche dudit moule apres 55 
solidification de ladite coquille polymere exterieure. 
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